The pattern and diffuse flash electroretinograms were measured in 20 normal subjects and 40 diabetic patients who had either normal fundi or microaneurysms only. The amplitudes of the pattern electroretinogram were found to be similar in both normals and diabetics. In the case of the flash electroretinogram the diabetic patients showed a division into two main groups. One group was not dissimilar to the group of normal subjects, while the second group showed hypernormal amplitudes. No explanation could be given, from the data collected, for this subdivision, though it is suggested it might reflect the degree of metabolic disturbance.
We have recently been connected with work that involves the monitoring of visual changes in eyes with minimal diabetic retinopathy. The battery of tests involved included fundus photography and a number of vision assessments such as colour vision, contrast sensitivity, and critical fusion frequency. It did not, however, include initially any electrodiagnostic test, and this paper arises from an assessment as to whether or not electroretinography would be a useful addition.
Several features of the electroretinogram (ERG) have been studied in diabetic retinopathy. Perhaps the oscillatory potentials (OPs) have given rise to more reports than any other. There seems to be no doubt that they are affected at some stage, but it is more likely that it is in the later preproliferative stages that they are most seriously affected'-3 and that actual prognostic evaluation concerning proliferative development is not insignificant." Coupland7 suggests that there is not only a reduction of OP amplitude below normal in diabetic patients with background retinopathy but also in those with no background retinopathy. However, Arden et aP suggest that in individual patients OP amplitude is not a particularly good indicator of the disease's progress, though they agree that there is a general deterioration in the OPs with severity. Lovasik and Spafford9 investigated 30 young insulin dependent patients with normal retinal vasculature and found significant differences, but they were so small that they were not considered diagnostic.
Amplitudes of the diffuse flash ERG, in themselves, have not been as widely studied. Certainly as a reflection of receptor activity'0 it would not be surprising if they were affected. Perlman Patients and methods Two groups of subjects were invovled in the work and all gave their consent after being given an explanation of the nature of the experiments.
The diabetic group consisted of 40 non-insulin dependent patients who were passing through the clinics of the Bradford University diabetic visual screening programme. The age range was preset at 40-65 years, and all those involved had been diagnosed as diabetic for at least four years. The mean time was in fact 9-9 (range 4-28) years. All patients had to have an acuity of at least 6/9, corrected if necessary, and any eye condition other than diabetes excluded them. The possession of clear media was also a criterion for inclusion in the group.
At the beginning of the experiments full details of all patients were available, including non-stereoscopic photography. Fundus classification was based on a single photograph of the central 30°rather than on a more extensive set of photographs,5 and patients were to have minimal retinopathy. Quite deliberately 20 were chosen with normal fundi (classed as level 10) and 20 with microaneurysms only (classed as level 20). The mean age of the total group was 54 3 (SD6-8) years, and the range reached the preset value of 40-65 years.
Jenkins, Cartright
The normal group consisted of 20 people with no history of eye disease and who presented no abnormality on examination. A minimum level of 6/9 acuity was kept to as in the diabetic group, and as close an age match with the diabetic group was made as practicable within the stated age band. The mean age of the 20 subjects in this group was 52-6 (SD6-1) years, with the actual range 42-64 years.
A Nicolet CA 1000 clinical averager and Nicolet HGA 200A amplifier were employed together with a Nicolet NIC 1015 visual stimulator to provide the PERG stimulus. The check pattern reversal stimulus subtended a field size of 300x 240 and the individual check size was 30'. To obtain this the television screen was positioned at 85 cm from the subject and a small fixation spot was used to help the maintenance of steady fixation. The luminance of the dark squares was 11 cd/m2 and that of the light squares was 140 cd/ m 2, giving a contrast of 85%.
A Grass PS 22 photic stimulator, at the lowest intensity of unity, was used to provide the flash stimulus which at a distance of 23 cm subtended a circular field of 30°. No fixation spot was provided, and the subject was simply requested to fix the centre of the light. The low intensity flash stimulus was employed in an attempt to contain the large degree of scatter that can take place in the eye when a high intensity stimulus is used.
For both the PERG and flash ERG the band pass filters were set at 1 and 50 Hz with the sensitivity at ± 100 RV. A stimulus presentation rate of 4 alternations per second and 4 flashes per second were used for both the PERG and flash ERG respectively. In both cases the analysis time was 150 ms.
All runs were under photopic conditions, and subjects had an adaptive period in the room of about 10 minutes. The ambient illumination in the plane of the eyes was approximately 150 lux.
The active electrode was DTL fibre, placed under the lower lid, which was referenced to an electrode at the centre of the forehead with a ground electrode to the side of the forehead. The maximum interelectrode impedance acceptable was 4 kohm.
The PERG was recorded first, and all subjects wore a distance correction if one was present. In the case of those over 50 years of age a +0 50 sphere was added, quite arbitrarily, to compensate for the near fixation distance. The wave produced was the averaged product of 360 sweeps, though they were recorded in six runs of 60 sweeps, each run being preceeded by a sixsecond fixation period. Inter-run rest periods of about 20-30 seconds were given. For convenience the right eyes of subjects were used, though in the case of three diabetic patients the left eye was used. Throughout the experiments the eye not under investigation was occluded. Pupils were undilated in all cases.
A rest interval was given of about 2 minutes before measurement of the flash ERG. In this case all readings were taken from the unaided eye. A 100-sweep wave was recorded in two runs of 50 sweeps. Again, a 6-second adaptive period was given before recording began and a single 20-30 second rest interval was provided between the two runs.
In the case of the PERG the amplitude was measured from the positive peak which occurs at 50-55 ms to the following trough which occurs at 95-100 ms (after Holder'6). The flash ERG was recorded as the b wave amplitude from the trough of the a wave to the peak of the b wave.
Results

PATTERN ELECTRORETINOGRAM
Histograms indicating the PERG amplitudes for both the normal and diabetic groups are shown in Fig 1. Both The electroretinogram in minimal diabetic retinopathy is a small negative correlation between amplitude and age and a small positive one between the major positive peak latency and age. The former was confirmed here by a value of r= -0-26 (p= 0-05) for the total subject group of 60 people, though a not significant value, of r=0-18, was found for the latter. The age spread in the present investigation was, however, relatively narrow.
DIFFUSE FLASH ELECTRORETINOGRAM   Fig 2 shows histograms for both the normal and diabetic groups. While x2 tests for normality suggest the data of the normal subjects were normally distributed, that ofthe diabetic patients were not so distributed (p=0 01). The mean amplitude (trough of a wave to peak of b wave) for the normal group was 36x8 (SD9 1) tLV. The diabetic distribution appears bimodal in character with the two main subgroups of A and B as indicated in the figure. The mean of the 40 diabetics was 40 5 (SD1 3) iiV, though clearly the use of a mean and standard deviation to describe such a distribution is very misleading.
In Fig 2 such a value is very much in the trough of the distribution.
When the two main groups, A and B, were looked at in terms of a division between level 10 and level 20 patients, no relationship was found. It was certainly not true that those in group A were mainly level 10 patients and those in group B level 20. Indeed the bimodal division occurred in both level 10 and level 20 patients to about the same extent. wave amplitude and length of time diabetic was, in fact, zero and that between amplitude and age was only 0-05.
Unfortunately, because of the impossibility of relating the subgroups to any known factor, it was impossible to decide on the exact dimensions of these subgroups. They appear perhaps appoximately equal in size, and group A values look to be not very different from those of the normal subjects. At the other extreme, 45% of the total diabetic group had amplitudes over 44 RV.
The lack ofcorrelation between amplitude and age held for the normal group (r=0-13, not significant) as well as for the diabetic group, which suggests the small inverse relationship which appears to be present for the PERG does not hold for the flash ERG. There was, however, a small (r=0-33, p=0 01) but statistically significant correlation between the PERG and flash amplitudes for the total group of 60 subjects. It remained at about this value for the normal group and level 10 and level 20 groups individually.
There was no evidence to suggest that the distribution of the a or b wave latencies in the diabetic group was other than a normal distribution, and there was little difference between the mean values for the normal and diabetic groups. For the former they were 20-67 (SD0 90) ms for the a wave and 39-87 (SD1 70) ms for the b wave and for the latter 20-80 (SD1 27) ms and 40-31 (SD2-65) ms respectively. Variance ratio tests suggested (p=005 for the a wave, p=0 01 for the b wave) that there was more variability in the latencies in the diabetics than in the normals.
Discussion
The results of the PERG confirmed those of previous work8 in that there was no evidence to suggest the amplitudes ofdiabetics with minimal retinopathy tend to be any different from normal subjects. The Although the diabetics used in this study were defined as having clear media, it is uncertain how significant such changes would have to be to produce a dispersive effect sufficiently great to alter wave amplitude. We have carried out a study of the effect of using lightly frosted plano lenses before the eye when measuring the ERG. '9 The mildest degree of frosting used was such as to produce a lens which looked slightly dirty, thought it reduced visual acuity on a group of 10 normal subjects by only two letters on the 6/4 line. When a very low flash stimulus (unity on the Grass scale with a 7½/2' field size) was used, the b wave amplitude increased by nearly 60% (3 4 tV to 5 4 tV) when compared to that of a clear plano lens. Clearly low dispersive effects can make a considerable difference to ERG results.
Recent work by U Dhanesha et al (personal communication, 1990 ), using a similar group of diabetics, has also produced bimodality in the data. They made psychophysical determinations of visual functioning and showed that the results divided into two main groups according to the degree of metabolic disturbance in the patients. It is tentatively suggested that the ERG findings described here might be a further indication of such a division.
